There are contradictory reports on the intracellular concentrations of muscle electrolytes in familial hypokalaemic periodic paralysis. These are summarized in Table I . Grob, Johns, and Liljestrand (1957), studying arteriovenous differences of potassium, demonstrated that the fall in serum potassium during attacks of paralysis is due to the entry of potassium into muscle cells. Jantz (1947), Conn and Streeten (1960) , and Talso, Glynn, Oester, and Fudema (1963) found an increase in intracellular potassium concentration during attacks, whereas Vastola and Bertrand (1956) and Shy, Wanko, Rowley, and Engel (1961) found a slight decrease, which the latter authors attributed to the entry of relatively greater amounts of water than potassium. These conflicting results probably arose from difficulties in the technique of chemical analysis of muscle biopsies and the small number of cases studied.
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We present in this paper the results obtained, using a multiple isotope technique, in a study of the distribution of water and electrolytes in six cases of familial hypokalaemic periodic paralysis. Table II . Patient 1 had not had an attack for 27 years and the diagnosis was made retrospectively when his son (patient 2) presented with the same symptoms. There was no family history of the disorder in the other cases. Patient 6 had developed a proximal myopathy (Oppenheim, 1891; Bekeny, 1961; Pearson, 1964) and the muscle biopsy revealed a picture similar to that described by Pearson. This patient also had mild hypertension, cardiac enlargement, auricular fibrillation, and widespread inversion of T-waves on his electrocardiogram. Cardiomyopathy has not, to our knowledge, been described in familial hypokalaemic periodic paralysis but Conn and Streeten (1960) Treatment with a low-sodium diet and potassium supplements for two months in patient 6 produced freedom from attacks of weakness, but it is too early to assess its effect on the myopathy.
METHODS
Distribution studies were carried out in four untreated patients; in one of these (patient 4) paralysis was induced and the tests were repeated five hours later at a time of severe weakness (M.R.C. grade 2 weakness in muscles of limbs and trunk). The patient was somewhat resistant to the measures used to induce paralysis which were 1 ml. adrenalin (1:1,000), followed within one hour by 40 units of soluble insulin and 35 g. glucose. Paralysis was finally induced by 20 g. of sodium bicarbonate orally. The electrolyte distribution of patient 5 was analysed at a time of almost complete recovery from an attack of paralysis which developed four hours earlier and from which he made a spontaneous recovery. We studied the effect on electrolyte distribution of a low-sodium diet (less than 25 mEq. daily) and potassium supplements (tab. potassium effervescent 5 g. b.d.) in two patients.
Patient 4 was studied initially after he had been on this treatment for six months; he then continued the therapy for a further eight months when he resumed a normal diet for a further month so that we could retest him in the untreated state. Patient 6 was studied before and two months after this regime.
The technique employed to measure the distribution of water and electrolytes has been described in detail elsewhere (Coppen and Shaw, 1963) . Total body potassium was measured by estimating the activity from the naturally occurring isotope of potassium 40K in a whole-body counter. Exchangeable sodium, extracellular water, and total body water were estimated by a multiple isotope method using 24Na, 82Br, and tritiated water. Other figures were derived from these variables and from the concentrations of sodium, potassium, and chloride in plasma.
Total body and intracellular potassium, exchangeable sodium, residual sodium, and extracellular water are correlated with body weight and even more highly correlated with total body water. Moore, Olesen, McMurrey, Parker, Ball, and Boyden (1963) and also Anderson (1963) have published extensive data on the distribution of sodium and potassium in normal subjects using techniques similar to our own and they give numerous regression equations relating exchangeable sodium and other variables to total body water. To analyse our data we have used these regression equations by employing a procedure proposed by Lindegard (1953) which has been utilized in a variety of anthropometric investigations. This technique can be illustrated by considering total body potassium. Anderson gives a regression equation which enables the total body potassium of a normal subject to be predicted on the basis of his total body water. We applied this regression equation to our patients and calculated the difference between the 'observed' and 'predicted' values of total body potassium. This difference (using the convention introduced by Lindegard) is called residual F total body potassium (total body water). This was determined for each patient for total body potassium and also for the other variables which are highly correlated with total body water. Values for intracellular water, extracellular water, and RESULTS *other derived values have been recalculated from the data for normal individuals published by Moore et al. (1963) The results are presented in Tables III and IV. using our own correction to the distribution of bromine to derive values for extracellular water.
UNTREATED FAMILIAL HYPOKALAEMIC PERIODIC PARA
The regression equations used in the paper are given LYSIS These four patients showed a marked reelsewhere (Coppen and Shaw, 1965) . duction in intracellular potassium concentration, There was a considerable increase in residual sodium, a paradoxical effect of the low-sodium diet which has also been reported in normal subjects (Cox, Leonard, and Singer, 1962) and in psychiatric patients (Coppen and Shaw, 1965) . These increases in cation concentrations were brought about both by an increase in body sodium and potassium and by a fall in intracellular water. The patient gained 7-4 litres of total body water. but only 1 1 kg. of body weight between the two tests. This apparent discrepancy may be explained by opposite changes in the amount of body fat and total body water. The patient had been on a low-salt diet and potassium supplements for eight months between the tests and had lead an increasingly active life and it is probable that his body fat decreased and his lean body mass (and total body water) increased during this time. Patient 6 is considered separately because of myopathy and his cardiac condition and treatment. On both occasions there were significant electrolyte abnormalities which cannot be accounted for by cardiac failure (Moore et al., 1963) . The intracellular residual sodium concentration was considerably above normal when he was taking a diuretic and when on a low-sodium diet with potassium supplements. His intracellular potassium concentration (117 mEq./l.) was very low. The rise of extracellular water from 20-6 to 24-4 when he was on the low-sodium diet was the result of slight cardiac failure. DISCUSSION We found that untreated patients, between attacks of paralysis, have considerably reduced body potassium and intracellular potassium concentration. Total body water and water distribution are normal. Exchangeable sodium and residual sodium are normal. Treatment with a low-sodium diet and potassium in patient 4 produced a striking change in electrolyte distribution and clinical improvement. Intracellular potassium concentration returned to normal and residual sodium concentration was elevated well above normal. Conn and Streeten (1960) reported high exchangeable and intracellular sodium values in patients with familial hypokalaemic periodic paralysis which, they suggested, supported their hypothesis that intermittent aldosteronism is a cause of this condition. However, we were unable to confirm these findings in our untreated patients. After treatment with a lowsalt diet and potassium supplements, which is known to be a powerful stimulus to aldosterone secretion, we did find an increased exchangeable and residual sodium value and it seems to us that far from being implicated as a cause of attacks, a raised aldosterone secretion is likely to be of benefit to the patient because this regime has a therapeutic effect. It is therefore perhaps not surprising that Shy et al. (1961) observed no deleterious effect after the intravenous administration of aldosterone to one patient. Shy et al. (1961) and McArdle (1963) have pointed out further difficulties in accepting Conn and Streeten's theory of intermittent aldosteronism as a cause of familial hypokalaemic periodic paralysis. In particular, the fall in serum potassium in aldosteronism is associated with a high excretion of potassium in the urine in contrast to the movement of potassium into cells in familial hypokalaemic periodic paralysis. The fall in the -level of serum potassium during attacks ofparalysis has naturally led to the suggestion that paralysis is due to hyperpolarization of the muscle membrane. However, during the period of paralysis we found a slight fall in intracellular potassium concentration as a result of an increase in intracellular water. Although the ratio ofintracellular to extracellular potassium concentration, which is the main factor in determining the resting membrane potential, rose by 38% from the untreated preparalytic state (ratio 26:1) to the paralytic state (ratio 36:1), a significant finding was that this ratio was almost the same when the patient was paralysed (ratio 36:1) as when muscle power was fully restored following treatment (ratio 37:1). Furthermore, since the normal ratio is 38:1, our findings are in agreement with the observations of Shy et al. (1961) and Creutzfeldt, Abbott, Fowler, and Pearson (1963) who found, using microelectrodes, that the muscle membrane potential was normal during an attack of paralysis. It seems unlikely therefore that the abnormality in muscle function is due to hyperpolarization of the muscle membrane.
Recent work, reviewed by Adrian (1964) , has focused attention on the peculiar properties of the sarcoplasmic reticulum with regard to its permeability to potassium. Hodgkin and Horowicz (1959) have shown that at varying external potassium concentrations the potassium permeability in muscle is small for outward potassium movement, but large for inward potassium movement. This 'anomalous rectification' has puzzled physiologists because these differing permeabilities for movement of potassium in opposite directions appears to be the reverse of that necessary to explain the recovery and loss of potassium during an impulse. Adrian presents evidence to suggest that the walls of the T-system component of the sarcoplasmic reticulum are the site of this anomalous permeability to potassium. He further suggests that this property is intimately concerned in the process of excitation-contraction coupling and that following excitation the failure of outward potassium movement across the T-system walls allows the inward movement of a negatively charged calcium ion complex which initiates contraction. If these hypotheses are confirmed it can be seen that any disturbance in the permeability to potassium across the T-system is liable seriously to interfere with muscle contraction. Abnormalities of permeability to potassium in the membrane at that site may therefore be responsible for the paralysis of both familial hypokalaemic periodic paralysis and familial hyperkalaemic periodic paralysis. It is significant that the most conspicuous structural abnormality on electron microscopic examination of muscle biopsy specimens in both conditions (Shy et al., 1961; Pearson, 1964 ) is fluid-filled spaces thought to be dilatations of the sarcoplasmic reticulum.
SUMMARY
Distribution of water, sodium, and potassium has been studied by a multiple isotope technique in six patients with familial hypokalaemic periodic paralysis, one of whom had also developed a proximal myopathy.
Between attacks all patients had a low total body potassium and low intracellular potassium concentration. Residual sodium concentration was normal. Total body water and its partition between intracellular and extracellular spaces was normal.
Treatment with a low-sodium diet and potassium supplements in one patient resulted in return of intracellular potassium concentration to normal, a considerable elevation of residual sodium concentration, and a decrease in the volume of intracellular water. There was a marked clinical improvement.
During an induced attack in one patient intracellular potassium concentration fell slightly, due to the entry of relatively greater amounts of water than potassium into the cells. The ratio of intracellular to extracellular potassium concentration was normal when he was paralysed and also when muscle power was fully restored on treatment with a low-sodium diet and potassium supplements. Paralysis is therefore not due to hyperpolarization of the muscle cell membrane. The aetiology of this condition is discussed and it is suggested that the primary disturbance may be in the transport-of potassium across the sarcoplasmic reticulum.
